This study explored strain distribution and resistance patterns of methicillin-resistant Staphylococcus aureus (MRSA) over a 5-year period in northeastern Scotland. We noted a shift in the relative rates of epidemic strains and an increase in community-associated strains. Use of oral antibiotics to eradicate throat carriage may have contributed to trimethoprim resistance, which was observed to increase 10-fold.
In the decades following its first description, methicillinresistant Staphylococcus aureus (MRSA) comprised a relatively minor component of the total S. aureus population, before dramatically increasing as a cause of invasive S. aureus infections during the 1990s (12) . As methicillin resistance became more widespread, MRSA became an additional burden of disease on top of that caused by methicillin-sensitive S. aureus (MSSA) (9) . A number of epidemic MRSA strains have been characterized (1, 3, 13, 18) , of which two in particular have become dominant in hospital environments in the United Kingdom. The aim of this study was to look at MRSA strain distribution and resistance patterns in northeastern Scotland as it was felt that these were evolving from what had previously been seen in the region.
(This paper was presented in part at the 20th European Congress of Clinical Microbiology & Infectious Diseases, Vienna, Austria, 10 to 13 April 2010 [10a] .) Clinical isolates. Isolates were obtained from hospital and general practitioner specimens submitted to Aberdeen Royal Infirmary (ARI) from 2003 to 2007. NHS Grampian is the health board responsible for northeastern Scotland (population, 500,000). ARI has the only microbiology laboratory in this health board and receives all samples from the region, making it representative of the northeastern region of Scotland. Isolates were confirmed as MRSA by isolation on either ORSAB or Brilliance chromogenic agar (Oxoid) and agglutination using the Prolex-Blue Staph latex kit (Pro-Lab). All new isolates of MRSA were referred to the Scottish MRSA Reference Laboratory (SMRSARL), Stobhill Hospital, Glasgow, for typing by pulsed-field gel electrophoresis (PFGE) and susceptibility testing. For the purpose of this study, we defined community-associated (CA) strains as those carrying SCCmec type IV, with the exception of the health care-associated (HA) epidemic strain EMRSA15.
Isolate selection criteria. Multiple MRSA isolates from individual patients were included in this study according to the following criteria. (i) If a single specimen yielded more than one strain (as determined by PFGE), all strains were included in the study. (ii) Where the same strain was recovered from an individual patient over any time period and where the antibiograms differed by Յ2 agents, only the first isolate recovered was included in the study. (iii) If the same strain was isolated from more than one specimen type on the same date, the isolate representing the most invasive infection was kept in the study.
PFGE. Pulsed-field gel electrophoresis (PFGE) typing was performed by a modification of a previously described method (2) . Briefly, S. aureus colonies from overnight cultures were incorporated into agarose plugs. After lysis, genomic DNA was digested with SmaI (Invitrogen). PFGE was performed by clamped homogeneous electric field (CHEF) electrophoresis with a CHEF-mapper system (BioRad). Fragments were separated with a linear ramped pulse time of 6.8 to 63.8 s over 23 h at 14°C. Gels were analyzed with GelCompar II version 5.1 (Applied Maths), using the Dice correlation coefficient. A dendrogram was generated by the unweighted-pair group method using average linkages (UPGMA) with a tolerance of 1.5%.
Assignment of isolates to MLST CCs. Isolates were typed by the methods routinely used at the time they were received. Methods varied slightly, but nearly all isolates had PFGE, extended antibiogram, and urease testing. Provisionally, most isolates could be assigned phenotypically to a known group, and this was confirmed by the PFGE pattern having fewer than three band differences from a known isolate of this group. A subset of isolates, including representatives of all groups and all with unusual phenotypes or PFGE patterns, have been typed by additional methods (multilocus sequence typing [MLST] or spa typing) to assign the groups to MLST clonal complexes (CCs). More frequent spa typing performed since 2007 has supported the reliability of this method of assignment. Confirmatory MLST was performed on a small number of additional isolates from this study, and the results were consistent with the previously inferred CC assignments.
SCCmec typing. SCCmec typing was performed according to previously described methods (16) .
Susceptibility testing. Antibiotic susceptibility testing was performed with a Vitek instrument with custom-made Staphylococcus cards-GPS-528 (bioMérieux).
Statistal analysis.
Data were compared by using Fisher's exact test. Statistical analysis was performed with GraphPad.
The number of isolates sent to the SMRSARL increased from 985 in 2003 to 1,860 in 2007 ( Table 1 ). The number of clinical isolates increased slightly, reaching a plateau of around 1,000 in 2006. The number of screening samples rose dramatically due to increased admission screening; equaling the number of clinical isolates by 2007. The majority (85 to 90%) of isolates were of either of the two United Kingdom epidemic strains: EMRSA15 (CC22-MRSA-IV) and EMRSA16 (CC36-MRSA-II). Although the overall proportion of these strains remained consistent, there was a substantial shift in their relative rates, with an increase in EMRSA15 from 51% to 82% and a corresponding decrease in EMRSA16. We also noted an increase in CA strains from 3.0% to 7.5%, due largely to increases in CC5-MRSA-IV and CC8-MRSA-IV.
Analysis of the distribution of each strain in different specimen types showed that most strains were uniformly found in different specimens (Table 2) . However, there were some exceptions. CC45-MRSA-II/IV comprised 6.3% of isolates (5.6% of clinical isolates) but was found in 12.1% of bacteremia cases (P Ͻ 0.001 compared to both total and other clinical isolates). EMRSA16 comprised 15.1% of isolates (14.7% of clinical isolates) but was found in 29.3% of respiratory specimens (P Ͻ 0.001). EMRSA15 was underrepresented in bacteremia (71.4% overall [70.9% of clinical isolates] compared with 60.3% of blood culture isolates; P Ͻ 0.001). CC8-MRSA-IV was never found from blood culture in this study, but this was not statistically significant.
For the majority of antibiotics, the levels of resistance remained fairly constant (Table 3) . However, resistance to trimethoprim and fusidic acid increased from 7.8% and 4.4% to 71.6% and 10.6%, respectively. Trimethoprim resistance increased across all strains and was not due strictly to the increase in numbers of any particular strain (data not shown). In contrast, the increase in fusidic acid resistance appears to be linked to CC5-MRSA-IV (data not shown). Resistance to clindamycin, kanamycin, neomycin, and tobramycin decreased from ϳ43% to ϳ10%, and ciprofloxacin resistance was seen to decrease slightly. No difference in antibiotic resistance was observed between clinical and screening isolates (Table 3) .
Unlike the rest of the United Kingdom, in northeastern Scotland, EMRSA16 had previously been present at a higher rate than EMRSA15. This pattern has changed dramatically over the last decade; during 1997 to 2000, EMRSA15 and EMRSA16 comprised 15.4% and 80% of all MRSA isolates, respectively (15) . At a similar time, the proportions of United Kingdom bacteremia isolates identified as either EMRASA15 or EMRSA16 were 60.2% and 35.4%, respectively (11) . During our study, the proportions of these two strains completely reversed, bringing the pattern into line with the rest of the United Kingdom (5). The increase in CA strains mirrors the increase seen across the United Kingdom (6, 7), although different strains appear to be more prevalent in different regions (7, 17) . Although we observed an increase in CC8-MRSA-IV, the number of isolates remains relatively low. The absence of this strain from blood culture in our study is therefore unlikely to be significant, and it has been identified from blood culture in other United Kingdom studies (4, 7, 17) . The related North American strain (USA300) is the predominant U.S. CA strain. In recent years, it has become a highly prevalent cause of skin and soft tissue infections (8) and has been reported to be the causative isolate in 26% of MRSA bloodstream infections (14) .
For the majority of antibiotics, resistance levels were comparable to the rest of the United Kingdom (10) . Averaged out over the study period, trimethoprim resistance in bacteremia isolates was 38.4%, nearly double the level reported by the British Society for Antimicrobial Chemotherapy (BSAC) (10) . In 2007, 73.8% of MRSA bacteremia isolates in northeastern Scotland were resistant to trimethoprim. During our study period, trimethoprim resistance increased 10-fold, and in 2007, it was 42 times higher than the 1.7% reported in the same region in 1997 to 2000 (15) . In 2003, a policy was introduced by Grampian's NHS Board, the University Hospitals Trust and the Primary Care Trust, to ensure prompt identification and effective management of MRSA-positive individuals. Part of this policy, perhaps unusually for the United Kingdom, recommended that patients with throat carriage should be decolonized with oral antibiotics. Recommended first-line antibiotics were trimethoprim and fusidic acid together, and in the event of intolerance or resistance to fusidic acid, rifampin was used in its place. It may be likely that this use of trimethoprim has driven the observed resistance or has selected for a high prevalence of a resistant clone, as this level of resistance appears to be unique to the region. We have no explanation for why there does not appear to have been the same effect on fusidic acid or rifampin resistance. We believe that the initial high levels of and subsequent decrease in resistance to clindamycin, kanamycin, neomycin, and tobramycin are related to EMRSA16. The increase in ciprofloxacin susceptibility can most likely be explained by the increase in CA strains.
A variety of different intervention strategies have been proposed or implemented in order to reduce the number of HA MRSA infections. As this study has shown, our particular aggressive approach to eradication may have unfavorable outcomes on local resistance patterns without clear benefits in the control of MRSA.
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